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SUBSONIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF 

A 1/30-SCAT;F: CANARD-AIRPLANE MODEL HAVING 

A WING WITH AN ASPECT RATIO OF 6.0~ 

By W i l l i a m  B. Igoe, Francis J. Capone, and Richard J. Re 

SUMMARY 
3.6636 

A n  inves t iga t ion  has been conducted t o  determine t h e  longi tudinal  
aerodynamic cha rac t e r i s t i c s  of a 1/30-scale, nuclear-powered canard air- 
plane model having a wing with an aspect r a t i o  of 6.0. 
t e s t e d  pr imari ly  at  Mach numbers from 0.60 t o  0.92 f o r  an angle-of- 
a t t a c k  range of approximately -2' t o  20'. 
varied from 2.0 x 106 t o  4.3 x 10 6 . 

The model w a s  

The Reynolds number per foot  

The e f f e c t s  of end p l a t e s  mounted as v e r t i c a l  tai ls ,  wing leading- 
edge chord-extension def lect ion,  body f i l l e r  (model cross-sect ional  
area increased),  and boundary-layer t r a n s i t i o n  were studied f o r  t he  
model without t he  canard surface.  Tests of t he  model with the  canard 
surface were conducted with canard- surface def lec t ion  angles of -12' 
t o  8' and with canard-surface tab def lect ions from -8' t o  Oo a t  Mach 
numbers from 0.60 t o  0.85. 

The model t e s t e d  w a s  unstable about i t s  selected moment reference 
center .  
maximum l i f t - d r a g  r a t i o s  up t o  a Mach number of 0.74 and decreased the  
m o d e l  i n s t a b i l i t y  at low l i f t  coef f ic ien ts  f o r  a l l  Mach numbers. Deflec- 
t i o n  of t h e  wing leading-edge chord-extension t o  12' resu l ted  i n  an 
increase i n  maximum l i f t - d r a g  r a t i o  up t o  a Mach number of 0.75. Trim- 
ming t h e  model with the  canard surface resu l ted  i n  a l o s s  of m a x i m u m  
l i f t - d r a g  r a t i o ,  i n  some cases as much as 2, over t h a t  obtained f o r  the  
untrimmed model without t he  canard surface. Most of the  loss  w a s  due 
t o  t h e  canard-surface t a b  def lect ion required t o  t r i m  the  canard surface.  

The test  r e s u l t s  indicated tha t  the  end p l a t e s  increased the  

*Ti t le ,  Unclassified.  
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INTRODUCTION 

The longi tudinal  aerodynamic cha rac t e r i s t i c s  of a 1/30-scale pro- 
posed long-range and long-duration bomber, missile ca r r i e r ,  and airborne- 
alert a i r c r a f t  with nuclear-powered j e t  engines have been invest igated 
i n  the  Langley 16-foot t ransonic  tunnel.  The proposed airplane config- 
urat ion included a f ree- f loa t ing  canard surface and wing-tip end p l a t e s  
f o r  ve r t i ca l  tai ls .  "he model w a s  tested with the  canard surface f ixed 
r a the r  than free f loa t ing .  
investigation of t h e  model having a wing with an aspect r a t i o  of 6.0.  
Similar results f o r  an invest igat ion of t h e  model having a wing with an 
aspect r a t i o  of 3.6 are contained in  reference 1. I n  addi t ion t o  the 
canard-surface effectiveness and loads,  t h e  e f f e c t s  of end p l a t e s ,  wing 
leading-edge chord-extensions, a body f i l l e r  which increased the  model 
cross-sectional area,  and boundary-layer t r a n s i t i o n  on the  a i rp l ane ' s  
s t a b i l i t y  and performance were determined. 

This report  contains t h e  r e s u l t s  of t h e  

d 

Tests were conducted pr imari ly  a t  Mach numbers from 0.60 t o  0.92 t 

and f o r  an angle-of-attack range of approximately -2O t o  20°. 
t o  evaluate take-off cha rac t e r i s t i c s  w e r e  m a d e  a t  a Mach number of 0.30 
a t  angles of a t tack  up t o  approximately 29O. 

6 6 per  foot varied from 2.0 x 10 t o  4.5 x 10 . 

Some t e s t s  

'I 
The t e s t  Reynolds number 

SYMBOLS 

a aCL l i f t -curve  slope per  deg, - 
dCL 

A cross-sectional area 

free-stream cross-sectional area of stream tube which en te r s  
nacel le  duct P 

- 
C 

cC 

m e a n  aerodynamic chord of bas i c  wing (11.598 i n . )  

mean aerodynamic chord of exposed canard planform (6.494 i n . )  
- 
- mean aerodynamic chord of canard tab (0.943 i n . )  tab C 

CD 
Drag drag coef f ic ien t ,  
qs 
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e m  o e  am. .. 3 

'D, i nacelle duct internal-drag coefficient, 

'h,c canard-surface hinge-moment coefficient, 

Canard-surface hinge moment (one side) 

Tab hinge moment 

qSt ab 't ab 
hinge-moment coefficient, 

Lift 
qs 

Ch,tab canard-surface tab 

CL lift coefficient, 

CL,c canard-surface lift coefficient, c ~ , ~  cos(u + 8,) 

Pitching moment pit ching-moment coefficient about 0.249':, 
qs 'c Cm 

static longitudinal stability parameter, - at CL = 0 
3CL 

at a = O  canard-surf ace effectiveness parameter, - ac, 
3% m% 

C 

'N,c canard-surface normal-force coefficient, 
Canard-surface normal force (one side) 

9% 

pb - Po0 base pressure coefficient, 
9 'P ,b 

L/D 

M 

M, 

P 

lift-drag ratio 

free- stream Mach number 

Mach number at nacelle duct exit 
. 

static pressure, lb/sq ft 
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S 

SC 

Stab 

U 

7 

'C 

' 1  e 

%e 

'tr 

'tab 

free-stream dynamic pressure, lb / sq  f t  .( 

planform area of bas ic  wing, includes area covered by fuselage 
and nacel les  (3.258 sq f t  ) 

r. 

canard-surface exposed planform area (one s ide)  (0.21144 sq ft) 

canard-surface t ab  planform area  (one s ide )  (0.012874 sq f t )  

angle of a t tack  of wing chord plane, pos i t ive  leading edge up, 

r a t i o  of spec i f ic  heats  (1.4 f o r  a i r )  

L 
de@; 1 

8 
4 
0 

canard def lect ion angle from wing chord plane measured normal 
t o  hinge l i n e ,  pos i t ive  leading edge up, deg 

outboard leading-edge chord-extension def lect ion angle from 
wing chord plane measured normal t o  hinge l i n e ,  pos i t ive  
leading edge down, deg 

t ra i l ing-edge f l a p  def lect ion angle from wing chord plane 
measured normal t o  hinge l i n e ,  pos i t ive  t r a i l i n g  edge down, 
deg 

trail ing-edge trim-flap def lect ion angle from wing chord 
plane measured normal t o  hinge l i n e ,  pos i t ive  t r a i l i n g  edge 
UP, del3 

canard-surface t ab  def lect ion angle from canard-surface chord 
plane measured normal t o  hinge l i n e ,  pos i t ive  t r a i l i n g  edge 
down, deg 

Sub scr ip ts  : 

b base 

C canard 

e nacel le  duct e x i t  

i nacelle duct i n l e t  

03 f r e e  stream 

max maximum 

min minimum 
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5 . 
MODEL COMPONENT DESIGNATIONS AND Al3BREVTATIONS 

The following designations a re  used i n  the present paper t o  iden- 
t i f y  the various components of the model: 

B fuselage and nacel les  with modified rear end 

B1 B w i t h  f i l l e r  

C canard 

E wing end p l a t e  

W wing w i t h  outboard leading-edge chord-extension 

The following abbreviations are used i n  the  present paper t o  iden- 
t i f y  various dis tances  measured on the model: 

BL buttock l i n e s ,  i n .  

WL water l i n e s ,  i n .  

FS fuselage s ta t ion ,  measured posi t ive rearward from a reference 
point  1/2 in .  ahead of actual  fuselage nose, i n .  

ws wing s t a t ion ,  measured posi t ive rearward from leading-edge 
apex, i n .  

ss span s ta t ion ,  measured posi t ive outboard from plane of sym- 
m e t r y  i n  wing or  canard-surface chord plane, i n .  

MODEL, APPARA!TUS, AND PROCEDURE 

Model 

The 1/30-scale model consisted of a wing w i t h  an aspect r a t i o  of 6.0 
and end plates, a fuselage, a canard surface, and flow-through nacel les .  
A photograph of the model w i t h  t he  canard s t ing  mounted i n  the wind tunnel 
i s  shown i n  f igure  1. 
sions i s  shown i n  f igu re  2. 

A sketch of the complete model w i t h  ove ra l l  dimen- 

Wing.- The wing d e t a i l s  are given i n  table I and the planform geom- 
The basic  wing plan form had an aspect r a t i o  etry i s  sham i n  f igure  3. 

of 6.339 but t h i s  w a s  decreased t o  6.000 by the  addi t ion of an outboard 
leading-edge chord-extension. A take-off configuration was represented 
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by def lec t ion  of p l a in  t ra i l ing-edge  f l a p s  and trail ing-edge t r i m  f l a p s .  
When t h e  trail ing-edge f l a p s  were def lec ted  down, the  trail ing-edge t r i m  
f l a p s  were def lec ted  up t o  t r i m  out t h e  p i tch ing  moment caused by t h e  
f l aps .  

End p la tes . -  The wing-tip end p l a t e s  served as v e r t i c a l  ta i ls .  They 
had sweptback planforms with about 75 percent of t h e  surface area above 
the  wing chord plane and t h e  remainder beneath. The end-plate geometry 
i s  shown i n  f igure  3 and d e t a i l s  are given i n  table I. 

Fuselage.- The fuselage,  shown i n  f igu re  4, had an overa l l  length 
of 59.333 inches, a maximum height including t h e  ducts of 5.937 inches, 
and a maximum width including ducts  of 13.706 inches. 
l a t e d  canopy shape near t h e  nose, and t h e  s ides  of t he  fuselage were 
f la t  i n  the  v i c i n i t y  of the canard surface. The r e a r  end of the  fuselage 
d i f f e red  from the  proposed a i rp lane  shape so t h a t  t h e  model could be 
s t ing  mounted i n  the  wind tunnel .  I n  order t o  allow f o r  t he  presence 
of t h e  s t ing  cavi ty ,  t h e  nace l le  inboard duct e x i t s  were a l so  a l t e r ed .  
These differences between t h e  model and the  proposed a i rp lane  a re  sham 
i n  f igure  5 which a l s o  shows that some ex te rna l  duct-exit  shroud geom- 
e t r y  w a s  not dupl icated.  

There was a simu- 

Nacelles.- Two nace l les  were mmnted s ide  by side near t he  r e a r  of 
t h e  fuselage. The e l l i p t i c a l  i n l e t s  were located a t  t h e  s ide  of t h e  
fuselage j u s t  forward and below t h e  w i n g  leading edge. The ex terna l  
geometry of t he  nace l les  may be seen i n  f igu re  4 and the nace l le  i n t e r -  
n a l  ducting i s  i l l u s t r a t e d  i n  f igure  6.  
t h e  a rea  of t h e  inboard e x i t s  f o r  each duct decreased (see f i g .  5) 
because of t h e  presence of t he  model-sting cavi ty  as has already been 
indicated. 

Each duct had two e x i t s ,  with 

The duct i n t e r n a l  cross-sectional-area d i s t r i b u t i o n  i s  given i n  
f igu re  7. I n t e r n a l  blockage w a s  provided i n  t h e  ducts by a screen, of 
about 70-percent porosi ty ,  i n s t a l l e d  j u s t  forward of the duct s p l i t t e r  
p l a t e  for  t h e  inboard and outboard e x i t s .  The externa l  geometry of t h e  
nace l les  w a s  varied with the  u s e  of a f i l l e r ,  as shown i n  f igu re  4, t o  
simulate an a l t e r n a t e  parer  p lan t  configurat ion.  

Canard surface.-  The canard surface w a s  located a t  t h e  nose of t h e  
fuselage w i t h  the  hinge l i n e  no rma l  t o  t h e  plane of symmetry, 
31.863 inches forward of and 2.634 inches below t h e  model moment r e f e r -  
ence center.  Although the  a i rp lane  canard i s  f r e e  f loa t ing ,  t he  model 
canard was f ixed,  but i t s  incidence w a s  va r i ab le  about the  hinge l i n e  
from -12' t o  20'. 
and geometrical d e t a i l s  are given i n  table I.  A t ra i l ing-edge  tab on 
the  canard w a s  used t o  obtain canard moment t r i m  conditions about t he  
hinge l i n e .  Because the s ides  c f  t h e  fuselage w e r e  f l a t  i n  t h e  v i c i n i t y  

A sketch of the canard planform i s  shown i n  f igure  8 
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of the  canard, t he  canard root chord f i t  r e l a t i v e l y  f lu sh  with t h e  fuse- 
lage s ide and any canard unporting throughout t h e  range of canard deflec- 
t i o n  angles w a s  eliminated. 

Area d is t r ibu t ion . -  Cross-sectional area d is t r ibu t ions  of t he  var i -  
ous model components a re  shown i n  figure 9 .  I n  f igure 10, t o t a l  area 
d i s t r ibu t ions  f o r  t h e  model with and without f i l l e r  are compared with 
t h e  area d i s t r ibu t ion  t h e  model would have i f  i t s  external  geometry had 
not been a l t e r ed  due t o  the presence of t he  s t i ng  cavity.  External 
wetted areas  f o r  t h e  model configurations are given i n  table 11. 

Boundary-layer t r ans i t i on  grain pat tern.-  For most of t he  t es t s  i n  
which the boundary-layer t r a n s i t i o n  point w a s  f ixed,  No. 120 carborundum 
gra ins  were sparsely d is t r ibu ted  i n  a t h i n  f i l m  of shel lac  i n  s t r i p s  
near t he  leading edges of t h e  various model components. On the  wing a 
0.40-inch-wide s t r i p  w a s  p a r a l l e l  t o  and 0.60 inch behind the  leading 
edge. On t h e  end p la tes ,  nacel les ,  and canard, a 0.25-inch-wide s t r i p  
w a s  p a r a l l e l  t o  and 0.40 inch behind the leading edge. 
a 0.25-inch-wide circumferential  s t r i p  w a s  0.75 inch behind the  nose. 
All distances  are measured i n  t h e  streamwise direct ion.  Configura- 
t i o n  BWE with 

On the  fuselage,  

E l e  = 12' w a s  a l s o  tes ted  with f r e e  t r ans i t i on .  

In  st rument at  ion 

The model forces  and moments were measured with a six-component 
i n t e r n a l  strain-gage balance. The canard w a s  instrumented with s t r a i n  
gages t o  measure canard normal force,  hinge moment, and tab  hinge moment. 
The model angles of a t t ack  were determined with an in t e rna l  pendulum-type 
a t t i t u d e  indicator .  Canard a t t i t udes ,  however, were determined from 
def lec t ion  ca l ibra t ions  under load. 

The nacelle-duct i n t e rna l  f l o w  charac te r i s t ics  were determined with 
temporary duct-exit rakes consisting of s t a t i c -  and stagnation-pressure 
probes. Permanently in s t a l l ed  model pressure instrumentation consisted 
of i n l e t  stagnation-pressure rakes and throa t -  and maximum-area s t a t i c -  
pressure o r i f i c e s .  T h i s  permanent instrumentation w a s  ca l ibra ted  with 
the  exi t -pressure da ta  so tha t  t h e  nacelle i n t e rna l  flow cha rac t e r i s t i c s  
could be determined when the  temporary rakes were removed during the  
force tes ts .  The duct pressure instrumentation i s  sham i n  f igure  12. 

Model base pressure w a s  measured during the tests by means of th ree  
s ta t ic-pressure t a p s  d is t r ibu ted  around t h e  model base. 

. 
V 
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Wind Tunnel 

The model was s t ing  mounted (as shown i n  f i g .  1) i n  the  Langley 
16-foot transonic tunnel which i s  described i n  reference 2. This i s  a 
s ingle-return wind tunnel with a s l o t t e d  octagonal t h r o a t  and i s  oper- 
a t ed  a t  atmospheric stagnation pressures .  
system pivoted so t h a t  t h e  balance moment center  remained near t h e  center  
of t h e  t e s t  sect ion throughout t he  angle-of-attack range. 

The wind-tunnel model-support 

D a t a  Reduction 

All forces  and moments have been reduced t o  standard coe f f i c i en t  
form with t h e  model force  da t a  r e fe r r ed  t o  t h e  s t a b i l i t y  axis system. 
The nacel le  i n t e r n a l  drag has been subtracted from t h e  model drag. 
nace l le  internal-drag coe f f i c i en t s  C D , ~  a r e  presented i n  f igure  1 2  
f o r  t h e  model without t h e  canard (BWE with 6ze = 12' and 6ze = 23') 
and f o r  t h e  model with the  canard (BCWE with 
model forces  have been adjusted t o  t h e  condition of free-stream s t a t i c  
pressure ex i s t ing  a t  the  base. 
f o r  models BWE and BIWE with 6ze = 12O and BWE with 6ze = 25' are 
presented i n  f igure  13.  
a t t ack  was determined independently with an a t t i t u d e  t ransmi t te r .  The 
canard-surface incidence s e t t i n g s  were corrected for def lec t ions  under 
load.  
da ta .  

The 

6ze = 12'). I n  addi t ion,  
Y 

Typical model base pressure coe f f i c i en t s  

b 

A s  mentioned previously, t he  model angle of 

No o ther  correct ions o r  adjustments have been applied t o  t h e  

Accuracy 

The accuracy of  t h e  data ,  based on instrumentation e r r o r  and 
r epea tab i l i t y ,  has been estimated t o  be: 

M . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.01 
a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.1 
FjC,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.2 
6 t a b , d e g . .  . . . . . . . . . . . . . . . . . . . . . . . . .  kO.5 

A t  M = 0.30, 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.030 

*0.020 

cD at low CL . . . . . . . . . . . . . . . . . . . . . . . . .  kO.004 
CD at high CL . . . . . . . . . . . . . . . . . . . . . . . . .  
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.020 

1 
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A t  M = 0.60 t o  M = 0.98, 
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C L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.010 
CD a t   OW CL . . . . . . . . . . . . . . . . . . . . . . . . .  fO.001 
CD at  high CL . . . . . . . . . . . . . . . . . . . . . . . .  kO.005 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.O1O 
c m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.005 

c h , c . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.001 

Ch,tab . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.002 

TESTS 

Most of t h i s  invest igat ion w a s  conducted at  Mach numbers from 0.60 
t o  0.92 and through an angle-of-attack range of approximately -2O t o  20'. 
A body alone configuration (B) w a s  a l so  t e s t ed  at Mach numbers of 0.95 
and 0.98. Another configuration (BWE with h e  = 25O, 6tr = 25O, and 

M = 0.30 The Reynolds number pe r  foot  
var ied from 2.0 x 10 6 t o  4.5 x 10 6 ( f ig .  14). All configurations were 
t e s t ed  with t r a n s i t i o n  f ixed except f o r  configuration BWE with 
which w a s  t e s t e d  wi th  and without t r ans i t i on .  The t e s t  var iab les  are 
summarized i n  t a b l e  111. 

= 25O o r  62e = 4oo) w a s  t e s t e d  as a take-off configuration at 
at  angles of a t tack  up t o  290. 

62e = 12O 

PRESENTATION OF RESULTS 

The r e s u l t s  of t h i s  invest igat ion are p lo t t ed  i n  coef f ic ien t  form. 
Basic aerodynamic data  f o r  t h e  configuration without t he  canard are 
shown i n  f igu res  15 t o  24 and summary data  are given i n  f igures  25 t o  34. 
Basic da t a  f o r  the  configuration with t h e  canard are presented i n  f ig -  
ures  35 t o  41. 
canard t ab  loads da t a  a r e  shown i n  figure 49. Trimmed drag polars  a re  
presented i n  figure 30 f o r  the  configdratlon with the  canard. Table I11 
l i s t s  t h e  configurations,  t e s t  conditions, and the numbers of the  f igures  
i n  which t h e  results a re  given. 

Canard loads da ta  are  shown i n  f igu res  42 t o  48 and 

DISCUSSION 

The bas ic  force da ta  without t h e  canard ( f i g s .  15 t o  21) show that 
the model i s  unstable about i t s  moment reference center .  I n  order t o  
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show the cause of t h i s  i n s t a b i l i t y ,  t h e  pitching-moment coef f ic ien ts  f o r  
configurations B (body alone) and BW (body and wing without end p l a t e s )  
have been p lo t t ed  against  angle of a t t a c k  i n  f igu re  22. I n  t h i s  f igure ,  
t he  difference between t h e  pitching-moment coe f f i c i en t s  of configura- 
t i o n s  BW and B i s  t h e  contribution of t he  wing pitching moment p lus  t h e  
mutual interference e f f e c t s  of t he  wing and body. It i s  evident t h a t  
t h e  wing-body i n s t a b i l i t y  i s  caused by t h e  body which i s  highly unstable 
about the  se lec ted  moment reference center .  However, t h e  wing i tself  
has a s tab le  contribution and i t s  addi t ion  t o  the  body reduces the  
i n s t a b i l i t y .  

F x c e  Data f o r  Model Without t h e  Canard 

Effec ts  of end p l a t e s . -  The e f f e c t s  of end p l a t e s  can be found by 
comparing configurations BW and BWE i n  t h e  basic-data f igures  16 and 17 
and i n  t h e  summary f igu res  25 t o  29. The addition of the  end p l a t e s  
helped t o  decrease t h e  model i n s t a b i l i t y  at  CL = 0 ( f i g .  26). A s  seen 
i n  f igure 25, t he re  i s  an increase i n  l i f t - cu rve  slope with t h e  addi t ion  
of end p l a t e s  at Mach numbers up t o  0.80. 
( f i g .  28), t h e  value of 
though f igure 27 shows t h a t  f o r  a l l  Mach numbers BWE has a higher value 
of CD,min than does BW. The increase i n  (L/D),, i s  a r e s u l t  of an 
increase i n  the  e f f ec t ive  aspect r a t i o  of t h e  wing with t h e  addition of 
end p l a t e s .  

A t  Mach numbers up t o  0.75 
i s  higher f o r  BWE than f o r  BW even (L/D),, 

Effect of def lec t ion  of leading-edge chord-extension.- The e f f e c t  
of def lect ing t h e  leading-edge chord-extension can be found by comparing 
61e = Oo, 12O, and 25' 
ures  17 to 19 and i n  the  summary f igu res  30 t o  34. Figure 31 shows t h a t  
t he  model with 6ze = 0' w a s  l e s s  unstable at CL = 0 than t h e  model 
with e i t h e r  6ze = 12' o r  6ze = 25O, t he  model with t h e  chord-extension 
def lec t ion  of 25O being very unstable .  
6ze = 12' 
than the  model with 

f o r  configuration BWE i n  t h e  basic-data f i g -  

However, t h e  model with 
exhibited less abrupt i n s t a b i l i t y  at  high l i f t  coe f f i c i en t s  

62e = Oo ( f i g s .  l 7 ( c )  and 1 8 ( ~ ) ) .  

The maximum l i f t - d r a g  r a t i o  ( f i g .  33)  w a s  higher f o r  EZe = 12' 
than f o r  61e = 0' up t o  M = 0.74 even though C D , ~ ~ ~  ( f i g .  32) was 
higher at a l l  Mach numbers f o r  6ze = 12O than f o r  62e = 0'. This 
increase i n  t h e  value of may be due t o  an improvement i n  wing- 
span load ef f ic iency  with chord-extension def lec t ion .  However, t he  value 
of CD,min f o r  6ze = 25' w a s  much higher than f o r  t h e  o ther  two chord- 
extension se t t i ngs  with a r e su l t i ng  l a r g e  l o s s  i n  the value of (L/D),=. 

(L/D)- 
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The def lect ion of t h e  leading-edge chord-extension of 12O resul ted 
i n  the  highest  l i f t - cu rve  slope ( f i g .  30) at  Mach numbers up t o  0.82. 
Because of t h i s  higher l i f t - cu rve  slope and a l so  because of b e t t e r  high- 
l i f t  s t a b i l i t y  and (L/D)- charac te r i s t ics ,  a def lec t ion  of the  
leading-edge chord-extension of 12O was probably near the  best  chord- 
extension def lect ion f o r  cruise  conditions. 

Effect  of body f i l l e r . -  The e f fec t  of body f i l l e r  can be found by 
comparing models BWE and BlWE i n  the  basic-data f igu res  17 and 20 and 
i n  the summary f igures  25 t o  29. The addition of t h e  body f i l l e r  
decreased the i n s t a b i l i t y  at  CL = 0 ( f i g .  26), and the  model became 
s l i g h t l y  s tab le  at  M = 0.92. However, the addi t ion of body f i l l e r  
caused more h igh - l i f t  i n s t a b i l i t y  ( f igs .  l 7 ( c )  and 20 (c ) ) .  The body 
f i l l e r  a l so  caused a reduction i n  l i f t -curve  slope at Mach numbers up 
t o  0.78 ( f i g .  25), a small increase i n  
i n  (L/D)- ( f i g .  28). 

- 

C D , ~ ~  ( f i g .  27),  and a decrease 

Effect  of boundary-layer t r ans i t i on . -  The e f f e c t  of boundary-layer 
t r a n s i t i o n  can be found by comparing basic-data f igu res  17 and 21 and 
summary f igures  25 t o  29 f o r  configuration BWE (6ze = 12O) with and 
without f ixed boundary-layer t rans i t ion .  The e f f e c t  of  f i x ing  boundary- 
l aye r  t r a n s i t i o n  can bes t  be seen by examination of the  basic-data f ig -  
ures.  For t h e  model with f r e e  t r ans i t i on  at Mach numbers of 0.80, 0.83, 
and 0.875, abrupt changes i n  CL and CD occur ( f i g s .  21(a) and 2 l ( b ) )  
which are probably caused by l o c a l  f l o w  separation. There i s  a l so  very 
abrupt h igh - l i f t  i n s t a b i l i t y  ( f i g .  21(c)) at  t h e  same Mach numbers. The 
model with f r e e  t r a n s i t i o n  w a s  also more unstable at CL = 0 as shown 
by the  data  f o r  

( f i g .  27) resu l ted  i n  an increase i n  (L/D)- ( f i g .  28). 

i n  f igure  26. ~n expected decrease i n  c D , d n  
%L 

Take-off charac te r i s t ics . -  A comparison of t he  take-off character- 
i s t i c s  of configuration BWE with 

%r = 25' 
l i f t  coef f ic ien t  obtained w a s  about 1.13 f o r  both chord-extension deflec- 
t i ons .  Both chord-extension deflections gave neut ra l  o r  s l i g h t l y  nega- 
t i v e  s t a b i l i t y  a t  l o w  lift coeff ic ients  with an abrupt increase i n  sta- 
b i l i t y  near a CL of 1.0.  

F i e  = 25' and 40°, h e  = 25O, and 
i s  shown i n  the  basic-data f igures  23 and 24. The m a ~ h ~ m  

Force Data f o r  Model With the  Canard 

A f ixed  canard i s  generally destabi l iz ing;  and since the  model w a s  
t e s t e d  with a f ixed canard, the  model w a s  more unstable with the  canard 
than without it. However, f o r  the  airplane,  t he  canard would be f r e e  
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f loa t ing  so that i t s  aerodynami,c contribution would be e s sen t i a l ly  f o r  
t r i m  purposes and would not affect-the longi tudinal  s t a b i l i t y .  This 
charac te r i s t ic  of f ree- f loa t ing  canards f o r  use as longi tudinal  t r i m  
controls i s  discussed i n  reference 3. 
of the model wi th  the  canard are presented i n  figures 35 and 36 f o r  con- 
f igurat ion BC and i n  f igures  37 t o  41 f o r  configuration BCWE w i t h  
62e = 12'. 
62e = 12' 

The r e s u l t s  of t he  invest igat ion 

These r e s u l t s  can be compared with configuration BWE w i t h  
( f i g .  17) f o r  t he  e f f e c t s  of t h e  canard. 

Since the  canard w a s  f ixed i n  th i s  invest igat ion,  the e f f ec t  of a 
free-f loat ing canard on da ta  f o r  CL, CD, and Cm i s  d i f f i c u l t  t o  
determine because it i s  necessary t o  in te rpola te  f o r  conditions where 
both the model moments about t he  moment reference center  and t h e  canard 
hinge moments about t h e  canard hinge l i n e  are simultaneously trimmed. 
Sufficfent data  t o  cross  p lo t  f o r  in te rpola t ion  a t  these conditions are 
available only a t  
t h e  model with and without the canard would be l imited t o  a s ingle  point .  
However, some canard e f f e c t s  can be seen from the  untrimmed da ta  of f i g -  
ures  37 t o  41. 
curve slope and C D , ~ ~ ~  

M = 0.80, and therefore  the possible comparisons of 

The f ixed canard caused slight increases i n  the  l i f t -  
i n  addition t o  making the model more unstable.  

Trimmed drag po1ars.- I n  order t o  determine the  e f f e c t s  of t h e  
canard on maximum trimmed l i f t - d r a g  r a t i o s ,  drag polars  were constructed 
f o r  t he  model trimmed about 0.169~. 
reference center  from 0.249F resul ted i n  a s tab le  configuration without 
t h e  canard (BWE with 
cent at Mach numbers from 0.60 t o  0.85. 
mined only f o r  trimmed model moments and not f o r  trimmed canard-surface 
hinge-line moments, a r e  presented f o r  configuration BCWE w i t h  
i n  figure 50 f o r  'tab = -4' at  M = 0.60, M = 0.80, and M = 0.85, 

This forward s h i f t  of t he  moment 

6ze = 12') with a s t a t i c  margin of from 1 t o  4 per- 
The trimmed drag polars ,  deter-  

6ze = 12' 

and at  M = 0.80 f o r  = Oo,  &ab = -bo, and 6tab = -8'. 

The following t a b l e  shows a comparison of trimmed and untrimmed 
m a x i m u m  l i f t -d rag  r a t i o s  f o r  the  model with 6ze = 12'; 

1-- 

Unt r imme d 
( L/D) m m  

- - 

12.6 
16.2 
12.6 
10.2 
12.6 

-__.__.-___ 



A comparison of the data  i n  the  t ab le  shows that the  use of t h e  canard 
f o r  t r i m  resu l ted  i n  a l o s s  up t o  about 2 i n  (L/D)-. 

For M = 0.80, the  canard hinge moments are near ly  trimmed at 
(L/D)mm on the drag polars  of f igure 30 f o r  6t-b = -4'. The var ia-  
t i o n  of (L/D),, with stab at  M = 0.80 shows that s igni f icant  
l o s ses  can r e s u l t  from t h e  tab  def lect ions which may be necessary t o  
t r i m  t h e  canard hinge moments. 

Canard and t ab  loads.- The canard normal-force and hinge-moment 
coef f ic ien ts  are presented i n  figures 42 t o  48 and the  canard tab  hinge- 
moment coef f ic ien ts  are presented i n  f igure  49. 
data  f igures ,  the interference e f f ec t s  of t he  canard on model components 
such as t h e  body o r  wing, o r  t h e  model coqonents  on t h e  canard are seen 
t o  be small except f o r  the interference e f f e c t s  of t he  body on the  canard. 
T h i s  e f f e c t  i s  evident i n  t h e  data  f o r  C N , ~  i n  f igures  42 t o  48. When 
the canard should have been al ined with the f r e e  stream (a + 6, = 0) , 
C N , ~  should have been zero. The measured load on the  canard at  t h i s  
condition w a s  probably due t o  an induced flow f i e l d  at the  body nose. 

By comparing appropriate 

The var ia t ion  of Ch,c with a a t  f ixed 6, o r  w i t h  6, at 
f ixed  a ind ica tes  t h a t  t he  canard was generally s tab le  about i t s  hinge 
l i n e .  The nonl inear i t ies  present i n  the data  f o r  ch,c were apparently 
associated with t h e  l o c a l  angle of a t tack and not due t o  body in t e r f e r -  
ence. This may be seen from the data  f o r  ch,c i n  f igu re  &(e)  where 

Ch ,c  i s  p lo t ted  against  t he  canard angle of a t t ack  a + 6,. 

m% Canard effect iveness . -  The canard effect iveness  parameter C 

w a s  obtained from the  da ta  f o r  Cm i n  f igures  35 t o  41 at a constant 
angle of a t t ack  (a = O o ) .  The value of C, has a l s o  been calculated 

6, 
from t h e  exposed panel canard loads (with no allowance f o r  fuselage 
carryover o r  canard chord-force effects)  by t h e  following equation: 

where d i s  t h e  distance from t h e  canard hinge l i n e  t o  the  model moment 
reference center.  These r e s u l t s  are compared i n  the  following table: 



Configuration 

BC 
BC 
BCWE 
BCWE 
BCWE 
BCWE 
BCWE 

. w  * e *  8 **I * *  8 .  ..* .e 

%e 9 

deg 

12 
12 
12 
12 
12 

M 

0.80 
9 85 
.80 
.60 
.80 
.a5 
.80 

0 
0 
0 
-4 
-4 
-4 
-8 

The measured values of C, 
6, 

0.0437 
-0475 
.0430 
.0432 
0435 
.0426 
.Ob38 

&h,c 

8% 

-0.0028 
- -0035 
- .0024 -. 0024 
- ,0027 
- .0027 - moo25 

Calculated 
Cm 

6, 

0.0095 
.0104 
.0094 
.0094 
- 0095 
0093 

.oo* 

Measured 

- 

0.0103 
.0103 
.0101 
0099 . 0100 
.0098 
.0098 

. 

L 
1 

ind ica te  t h a t  the  canard effect iveness  8 
4 

i s  not influenced appreciably by canard tab  def lect ion,  Mach number va r i -  0 
a t ion  (from M = 0.60 t o  0.85),  o r  t h e  presence of the  wing. 

A comparison of the calculated and measured canard e f fec t ive-  
ness Cm shows t h a t  this parameter could be s a t i s f a c t o r i l y  predicted 

6, 
from C L , ~  and Ch,c despi te  t he  neglect of body carryover loads and 
canard chord force.  

CONCLUSIONS 

A wind-tunnel invest igat ion of t h e  longi tudinal  aerodynamic charac- 
t e r i s t i c s  of a l /30-scale subsonic, nuclear-powered canard a i rp lane  model 
which was longi tudinal ly  unstable f o r  t he  selected moment reference 
center,  indicated the  following conclusions: 

1. The addi t ion of end p l a t e s  as  v e r t i c a l  t a i l s  increased the  maxi- 
mum l i f t -d rag  r a t i o  up t o  a Mach number of 0.75 and decreased t h e  model 
i n s t a b i l i t y  a t  low lift coef f ic ien ts  and at a l l  Mach numbers. 

2. Deflection of the wing leading-edge chord-extension t o  12' 
resul ted i n  an increase i n  maximum l i f t - d r a g  r a t i o  up t o  a Mach number 
of 0.74 and a l s o  decreased the  abrupt model i n s t a b i l i t y  a t  high lift 
coef f ic ien ts  . 

3. The addi t ion of a body f i l l e r  which increased the cross-sect ional  
a rea  o f t h e  model decreased the  model i n s t a b i l i t y  at l o w  l i f t  coef f ic i -  
e n t s  and caused small increases i n  minimum drag. 

. 



L 

c 

4 

15 

4. The addition of a canard w i t h  i t s  associated loads f o r  longitud- 
i n a l  t r i m  resul ted i n  a l o s s  of maximum l i f t - d r a g  r a t i o ,  i n  some cases 
as much as 2, over t h a t  obtained f o r  the untrimmed model without t h e  
canard. Most of t he  lo s s  w a s  a r e su l t  of canard tab def lect ion required 
t o  t r i m  t h e  canard. 

5.  Canard effect iveness  w a s  not influenced appreciably by canard 
t ab  def lect ion,  Mach number var ia t ion,  o r  the  presence of t h e  wing. 
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TABLE 1.- MODEL GEOMETRICAL CHARACTERISTICS . 
Wing : 

Aspect r a t i o  . 
Basic planform . . . . . . . . . . . . . . . . . . . . . .  6.339 
Including leading-edge chord-extension . . . . . . . . . .  6.000 

Basic planform, s q  ft . . . . . . . . . . . . . . . . . .  a5.258 
Including leading-edge chord.extension, sq ft . . . . . .  5.556 

Length. i n  . . . . . . . . . . . . . . . . . . . . . . . .  a11.598 
Fuselage s t a t i o n  of leading edge, i n  . . . . . . . . . . .  36 554 
Fuselage s t a t i o n  of 0.25E, i n  39 . 454 

Planform area . 

Mean aerodynamic chord (basic  planform) . 

. . . . . . . . . . . . . . .  
Taper r a t io .  bas i c  planform . . . . . . . . . . . . . . . .  0.400 
Quarter-chord sweepback angle. deg . . . . . . . . . . . . .  33.833 

3-50 
4 

Root-chord incidence ( r e l a t i v e  t o  WL plane). deg . . . . . .  
Dihedral angle outboard of SS 6.333, deg . . . . . . . . . .  
Airfo i l  sect ion ( l i n e a r  var ia t ion  of a i r f o i l  thickness 

between SS) a t  . 
SS 0 . . . . . . . . . . . . . . . . . .  NACA 0011.7-65 (modified) 
SS 6.333 . . . . . . . . . . . . . . . . . . . . . .  NACA 0011-65 
SS 20.768 . . . . . . . . . . . . . . . . . . . . .  NACA 0008.5-65 
SS 20.768 . . . . . . . . . . . . . . .  NACA 0008.5-65 (modified) 
SS 34.641 . . . . . . . . . . . . . . .  NACA 0007.6-65 (modified) 

End p la t e  . upper p a r t :  
Planform area (one s ide) .  sq f t  . . . . . . . . . . . . . .  0.323 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.2083 
Air fo i l  sect ion . . . . . . . . . . . . . . . . . . .  NACA 0008-65 

End p la t e  . lower p a r t :  
Planform area (one s ide) .  sq f t  . . . . . . . . . . . . . .  0.094 
Air fo i l  sect ion . . . . . . . . . . . . . . . . . . .  NACA 0007.3-65 

Canard : 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
Planform area. sq f t  . . . . . . . . . . . . . . . . . . . .  
Exposed area (one s ide) .  sq f t  . . . . . . . . . . . . . . .  
Exposed semispan. i n  . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . .  
Air fo i l  sect ion . . . . . . . . . . . . . . . . . . .  NACA 
Dihedral angle. deg . . . . . . . . . . . . . . . . . . . .  
Hinge-line sweepback angle. deg . . . . . . . . . . . . . .  
Tab area (one s ide) .  sq ft . . . . . . . . . . . . . . . . .  
Tab m e a n  aerodynamic chord. i n  . . . . . . . . . . . . . . .  

2.093 
0.724 

a0 . 211 
5.384 

&6 . 494 

0006-64 

aQ .943 

0 

0 
aO .013 

.. 
&Data reduction constant . 
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TABLE 11.- WEPIED AREAS 

Area, sq in. 

BW 
BWE 

BCWE 
BlWE 

hnr 





TABLE 111.- INDEX TO FIGURES - Concluded 

(b) Summary of Data 

Figure 

Comparison of configurations B and BW with 6ze = 12' 
f o r &  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Comparison of configurations BWE ( f r ee  t r a n s i t i o n ) ,  BW, BWE, 
and BIWE with Bze = 12O f o r  - 
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V L  

CD,min . . . . . . . . * m 

( L/D),, . . . . . . . . . . . . . . . . . . . . . . . . . 
cL f o r  (L/D),, . . . . . . . . . . . . . . . . . . . . . . 

Effect  of leading-edge chord-extension def lec t ion  f o r  config- 
ura t ion  BWE with 62e = Oo, 12O, and 25' f o r  - 
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . . . . . . . . .  
%L 

CD,min . . . . . . . . . . 
(L/D),, . . . . . . . . . . . . . . . . . . . . . . . . . 
CL f o r  (L/D),, . . . . . . . . . . . . . . . . . . . . . . 

Trimmed drag polars f o r  configuration BCWE w i t h  62e = 12" . .  
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Model l i n e s  
Airplane l i n e s  --- 

FS 46.620 
Section i n  Plane of Symmetry 

Mode 1 
center  l i n e  -- 

.---- 

Plan V i e w  

Figure 5.- Sketch showing differences between model and airplane af t  ends. 
A l l  dimensions i n  inches unless otherwise noted. 
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Figure 13.- Variation of base pressure coefficient with angle of attack. 
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(c) Pitching-moment coefficient. 

Figure 15. - Concluded. 
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(a) Lift coefficient. 

Figure 16 - Aerodynamic characteristics for configuration BW 
with 6ze = 12'. 
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( c )  Pitching-moment coeff ic ient  . 
Figure 16. - Concluded. 
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Figure 17.- Aerodynamic characteristics for configuration BWE 
with 6ie  = 12’. 
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(c) Pitching-moment coefficient. 

Figure 17. - Concluded. 
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(a) Lift coefficient. 

Figure 18.- Aerodynamic characteristics for configuration BWE 
with 61e = 0'. 
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( c) Pitching-moment coefficient . 
Figure 18.- Concluded. 
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Figure 19.- Aerodynamic characteristics for configuration BWE 
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(c) Pitching-moment coefficient. 

Figure 19.- Concluded. 
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Figure 20.- Aerodynamic characteristics for configuration BIWE 
with 6ze = 12’. 



a 
0 .. 
c 
c 
aJ 



54 

( C) Pitching-moment coefficient . 
Figure 20.- Concluded. 
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(a) L i - f t  coef f ic ien t .  

Figure 21.- Aerodynamic cha rac t e r i s t i c s  f o r  configuration BWE 
with EZe = 12' ( f r e e  t r a n s i t i o n ) .  
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Figure 23.- Continued. 
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Figure 33.- Effect of deflection of leading-edge chord-extension on the 
variation of ( L / D ) ~ =  with Mach number for configuration BWE. 
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Figure 35.- Aerodynamic characteristics for configuration BC 
with Gtab = 0' at M = 0.80. 
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(b ) Drag coefficient . 
Figure 35.- Continued. 
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(a) Lift coefficient. 

Figure 36. - Aerodynamic characteristics for configuration BC 
with 6t.b = oo a t  M = 0.85. 
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(a) Lift coefficient. 

Figure 37.- Aerodynamic characteristics for configuration BCWE with 
= 12O and Gtab = 0' at M = 0.80. 
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(c) Pitching-moment coefficient. 

Figure 37.- Concluded. 
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(a) Lift coefficient. 

20 

Figure 38.- Aerodynamic characteristics for configuration BCWE 
w i t h  6ze = 12' and = -4' at M = 0.60. 
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(c) Pitching-moment coefficient. 

Figure 38. - Concluded. 
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(a) Lift coefficient. 

Figure 39.- Aerodynamic characteristics for configuration BCWE 
with 6ze = 12' and %ab = -4' at M = 0.80. 
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(c) Pitching-moment coefficient. 

Figure 39.- Concluded. 
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Figure 40. - Aerodynamic characteristics for configuration BCWE 
With 6ze 12' a d  %ab = -4' at M = 0.83. 
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(c) Pitching-moment coefficient. 

Figure 40. - Concluded. 
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Angle of attack, a ,  deg 

(a) Lift coefficient. 

Figure 41. - Aerodynamic characteristics for configuration BCWE 
with 61e = 12' and %ab = -8' at M = 9.80. 
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(c) Pitching-moment coefficient . 
Figure 41. - Concluded. 
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(a) Canard normal-force coefficient. 

Figure 42. - Canard normal-f orce and hinge-moment coefficients for conf ig- 
uration BC with Gtab = 0' at M = 0.80. 
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(b) Canard hinge-moment coefficient . 
Figure 42. - Concluded. 
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Figure 43. - Canard normal-f orce and hinge-moment coefficients for conf ig- 
uration BC with Gtab = Oo at M = 0.85. 
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A n g l e  o f  a t t o c k , a , d e g  

(a) Canard normaI--force coefficient. 

Figure 44. - Canard normal-force and hinge-moment coefficients for config- 
uration BCWE with 6ze = 12' and = oo at M = 0.80. 
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(b) Canard hinge-moment coefficient. 

Figure 44. - Concluded. 
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(a) Canard normal-f orce coefficient . 
Figure 45. - Canard normal-force and hinge-moment coefficients for conf ig- 

uration BCWE with 6ze = 12O and %ab = -4' at M = 0.60. 
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(a) Canard normal-force coefficient plotted against angle of attack. 

Figure 46.- Canard normal-force and hinge-moment coefficients for config- 
uration BCWE with 6ze = 12' and h a b  = -4' at M = 0.80. 
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(b) Canard hinge-moment coeff ic ient  p lo t ted  against  angle of a t tack .  

Figure 46. - Continued. 
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Figure 47.- Canard normal-force and hinge-moment coef f ic ien ts  f o r  config- 
urat ion BCWE with 6ze = 12' and 8t-b = -4' at M = 0.85. 
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(b ) Canard hinge -moment coefficient . 
Figure 47. - Concluded. 
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Figure 48.- Canard normal-force and hinge-moment coef f ic ien ts  f o r  config- 
urat ion BCWE w i t h  6ze = 12' and &ab = -8' at M = 0.80. 
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Figure 50.- Variation of trimmed drag polars  with Mach number and canard 
Symbols indi-  t ab  deflection f o r  configuration BCWE with 
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